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ATRFRAME, WING, AND TAIL AERODYNAMIC CHARACTERISTICS OF A 1/6-SCALE MODEL
OF THE ROTOR SYSTEMS RESEARCH ATIRCRAFT WITH THE ROTORS REMOVED

Raymond E. Mineck#® and Carl E. Freeman®
Langley Research Center

SUMMARY

A wind-tunnel investigation was conducted to determine the aerodynamic
characteristics of the rotor systems research aircraft (RSRA) as the helicopter
and the compound helicopter with the rotors removed. Data were obtained over
ranges of angle of attack and angle of sideslip. Results are presented for the
total loads on the airframe as well as the loads on the wing and the tail.

The results indicate that the RSRA has stable static longitudinal and
directional characteristics and has stable effective dihedral. The wing pro-
vided a stabilizing contribution to the static longitudinal and directional sta-
bility but provided a destabilizing contribution to the effective dihedral. The
auxiliary thrust engine nacelles provided a direct destabilizing increment to
the longitudinal stability by acting as a lifting surface in front of the center
of gravity and provided an indirect destabilizing increment by reducing the tail
contribution to the longitudinal stability. The wing also reduced the tail con-~
tribution to the longitudinal stability. The tail provided a positive contribu-
tion to the longitudinal and directional stability and to the effective dihedral.

INTRODUCTION

NASA and the U.S. Army are jointly developing a unique research helicopter,
the rotor systems research aircraft (RSRA). The RSRA is designed to obtain
accurate data for development and validation of rotorcraft theory and for evalu-
ating advanced rotor systems. It is equipped with a variable-incidence wing to
load and unload the rotor, auxiliary thrust engines and drag brakes to cover a
wide range of rotor propulsive force, and fly-by-wire controls to evaluate
advanced flight control systems. The RSRA can be flown as a single-rotor heli-
copter, a compound helicopter, or a fixed-wing aircraft. Additional details of
the RSRA may be found in reference 1.

Because the configuration is unique, four phases of wind-tunnel testing
were conducted to determine and refine the aerodynamic characteristics of the
RSRA. The Phase I test results indicated potential lateral and longitudinal
stability problems with the rotors removed. (See ref. 2.) The Phase II and
Phase III tests refined the configuration to improve the stability levels. (See
refs. 2 and 3.) The Phase IV test investigated mutual interference effects of
the wing, tail, and fuselage both with and without a main rotor. (See ref. 4.)

*Langley Directorate, U.S. Army Air Mobility R&D Laboratory.



The results from reference 4 for the configuration without the main rotor are
analyzed herein.

SYMBOLS

The units used for the physical quantities defined in this paper are given
in the International System of Units (SI) and parenthetically in U.S. Customary
Units. Measurements and calculations were made in U.S. Customary Units. Con-
version factors relating the two systems are presented in reference 5.

The longitudinal data on the airframe, wing, and tail are resolved in the
stability-axis system and the lateral data in the body-axis system. Positive
directions for the moments and forces are defined in figures 1(a), 1(b),
and 1(ec). The moment reference center for the airframe, wing, and tail was
located 3.81 em (1.5 in.) behind and 35.13 cm (13.83 in.) below the center of
the rotor hub, which is the nominal aft center of gravity of the RSRA. Sign
conventions used for the deflection angles of the control surfaces are shown in

figure 1(d).

b wing span, 2.29 m (90.0 in.)

c wing mean aerodynamic chord, 0.423 m (16.67 in.)

Cp drag coefficient, D/qS

Cy lift coefficient, L/qS

CLiw change in 1lift coefficient with wing incidence, dCp/diy, per deg
CLa lift-curve slope, dCy/do, per deg

Cq rolling-moment coefficient, My/qSb

CIB effective~-dihedral parameter, dC,/dB, per deg

Cm pitching-moment coefficient, My/qSc

Cmit horizontal-tail effectiveness, dCy/diy, per deg

Cma static longitudinal-stability parameter, dCp/da, per deg
Cn yawing-moment coefficient, Mz/qSb

CnB static directional-stability parameter, dCp/dB, per deg
CT’J auxiliary Jet engine thrust coefficient, T;/qS

Cy side-force coefficient, Fy/qS

D drag, N (1bf); rotor diameter, 3.149 m (10.33 ft)



Model components:

Fy

Oswald efficiency factor

side force, N (1bf)
horizontal-tail incidence, deg

wing incidence, deg

lift, N (1bf)

rolling moment, N-m (1bf-in.)

pitching moment, N-m (1lbf-in.)

yawing moment, N-m (1bf-in.)

free-stream dynamic pressure, Pa (1bf/ft2)

wing area, 0.954 m2 (10.27 ft2)

total auxiliary engine thrust, N (1bf)

free-stream velocity, m/sec (ft/sec)

angle of attack, deg

angle of sideslip, deg

flap deflection, deg

downwash at lower horizontal tail, deg

fuselage and ventral fin

fuselage and ventral fin with main-rotor pylon removed

compound horizontal tail

helicopter horizontal tail

flow-through nacelles

auxiliary thrust fans and nacelles

vertical tail

variable wing/flap settings:

W1

iy = 09,

5f:0°

iw = 7-50,

Sf

(0]



Wy iy = <99, &8¢ = 0° Ws iy = 09, &8¢ = 30°

Wg iy = 7.59, &8¢ = 30°
Subscripts:
fus fuselage
t tail
W wing

MODEL AND APPARATUS

The general rotor model system (GRMS) in the Langley V/STOL tunnel was used
in this investigation. The external configuration was a 1/6-scale model of the
RSRA. A detailed three-view sketch of the model is presented in figure 2(a).
The dimensions and areas of the model components may be found in table I.

The exterior is identical with the Phase III model described in reference 3
except for the main-rotor pylon and the compound tail. The main-rotor pylon was
widened 2.54 cm (1.00 in.). The upper horizontal tail of the compound tail had
the same planform, but with an NACA 0015 airfoil section instead of the flat
plate used in Phase III. The lower-horizontal-tail span was changed to 114.3 cm
(45.0 in.). The various components of the model, such as the wings, auxiliary
thrust engine nacelles, and the horizontal and vertical tails, were removable to
simulate the RSRA in the helicopter or the compound helicopter configuration
with the rotors removed. Transition grit was used on the wings, horizontal
tail, vertical tail, and nose of the model to trip the boundary layer to turbu-
lent flow.

The variable-incidence wing, which pivoted about the 3/4-root-chord loca-
tion, could be set at incidence angles of -9°, 09, and 7.5°. The partial-span,
single-slotted flaps were deflectable to 30°. During these tests, in lieu of
sealing the wing roots to the fuselage, large end plates were attached at the
wing roots to allow the wing to be mounted on a six-component strain-gage bal-
ance. Having the wing mounted on this balance permitted direct measurement of

wing loads.

The empennage was attached to the GRMS main structure with a strain-gage
balance to measure the empennage loads directly. Loads on the empennage
included loads on the tail cone from fuselage station 231.78 em (91.25 in.) aft.
At that point, a 0.28-cm (0.11-in.) gap in the tail cone allowed clearance for
balance deflections. The upper horizontal tails could be removed from the ver-
tical tail, and the vertical tail and lower horizontal tail could be removed
from the tail cone. Details of the horizontal and vertical tails may be found

in figure 2(b).

The vertical tail remained the same for both the helicopter and the com-
pound helicopter. An upper horizontal tail Hy, which had an area of 0.091 m2
(0.98 ft2), was used for the horizontal tail for the helicopter. A compound
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tail HS consisting of a smaller upper horizontal tail, with an area of
0.046 me (0.48 ft2), and a lower horizontal tail, with an area of 0.228 m2
(2.45 ft2), was used for the compound helicopter.

Two removable auxiliary thrust engine nacelles were mounted on the fuse-
lage. (See fig. 2(c).) Each nacelle contained a removable fan used to simulate
the jet thrust. These fans, nacelles, and engine pylon fairings were the same
as those used in reference 3. The engine pylon fairings were the modified mini-
mum fairings.

Each fan had a stator and a rotor. A ring with turbine blades was attached
to the rotor. Dry, high-pressure air directed onto the turbine blade tips drove
the fan to produce thrust. Each nacelle had one static-pressure orifice and
three total-pressure probes mounted in the fan exit of each engine. The three
total-pressure probes were connected to a manifold. A pressure transducer was
used to measure the difference between the total pressure and the stavic pres-
sure to obtain an average reference dynamic pressure at the exit. This exit
reference dynamic pressure was used to calibrate the engine thrust. During the
investigation, the fans were removed from the nacelles for a "flow-through"
mode .

A photograph of the model in the Langley V/STOL tunnel is shown in fig-
ure 3. The model was mounted on the airframe balance attached to a special
model sting. This sting model support system allows high angles of attack and
sideslip to be obtained and keeps the model near the center of the test section
for pitch, roll, and yaw excursions. High-pressure air is piped into the model
from an air plenum mounted directly below the total balance. This plenum is fed
by an air line running through the center of the sting. A reverse double coil
in this air line minimizes pressure effects and mechanical tare effects of the
air line crossing the total balance.

The data recorded during the test lonsisted of averaged values taken from
the strain-gage balances, air pressures, engine exit pressures, and wind-tunnel
test conditions.

TEST CONDITIONS AND CORRECTIONS

This investigation was conducted in the Langley V/STOL tunnel, which
is a closed-return, atmospheric tunnel with a test section measuring 4.42 m
(14.50 ft) by 6.63 m (21.75 ft). Tunnel free-stream dynamic pressure was varied
from 0 Pa (0 1bf/ft2) to 2633 Pa (55 1bf/ft2). All testing was conducted with
the model close to the center line of the test section.

The auxiliary engine thrust was calibrated statically (zero wind speed) as
a function of the exit dynamic pressure. However, at forward speeds the exit
dynamic pressure should be equal to the free-stream dynamic pressure when the
engine produces no thrust. To account for this, the free-stream dynamic pres-
sure was subtracted from the exit dynamic pressure and this result was then used
in the static calibration. This static calibration was the same type used in
reference 3 to provide a direct comparison of the results from the two tests.



The engine thrusts were balanced for zero yawing moment at maximum thrust at
static conditions.

The basic fuselage was tested with several combinations of the tail, wing,
and jets to determine the aerodynamic contribution of each component. Five
wing/flap settings were used for the compound helicopter: 1iy,/8f of -9°/00°,
0°/0°, 09/30°, 7.59/0°, and 7.5°/30°. The horizontal-tail incidence was set at
0° for all testing, except where noted. The auxiliary jet thrust coefficient
was set at zero, trim, and alternate thrust levels (above or below trim thrust).
For zero thrust, the dynamic pressure at the jet exit was set equal to the free-
stream dynamic pressure at 0° angle of attack. At trim thrust, the thrust level
was set for zero model drag (Cp = 0) at 0° angle of attack. For all cases, the
fan rotational speed for the desired thrust level was held constant for the
angle-of-attack or angle-of-sideslip variation.

Several corrections were made in the data reduction scheme to compensate
for certain identifiable mechanical and aerodynamic interferences. Correction
factors were obtained for (1) the effect of the air line crossing the airframe
balance; (2) the effect of the model support system; (3) the effect of the prox-
imity of the sting to the model; and (4) the effects of the wind-tunnel walls.
The effect of the air line was determined by loading the balance statically with
the air line crossing the balance and the air line removed. The effect of the
model support system was determined by rotating the joints of the sting in such
a way as to maintain a constant model attitude so that variations of model loads
could be attributed to tunnel flow alterations caused by Jjoint position. The
effect of the proximity of the sting was estimated from unpublished data from
Phase III tests. In these tests, a large tube was attached to the strut model
support system in the same position as the sting mount of Phase IV. The methods
described in reference 6 were used to account for the wall effects.

PRESENTATION OF RESULTS

The results of the wind-tunnel investigation have been presented in coeffi-
cient form. The wing, tail, and airframe forces and moments are all resolved
about the same center of gravity and are nondimensionalized by the same factors.
The longitudinal aerodynamic data are presented in figures Y4 to 24; the lateral
aerodynamic data, figures 25 to U2. The following table is a guide to the fig-
ures for the airframe, wing, and tail data:

Figure for -

Airframe Wing Tail

Longitudinal aerodynamic characteristics:

Comparison of Phase IV and Phase ITI . . . . . . . . . 4 to 9

Effect of empennage components . . . e e e e . 10 20
Effect of wing incidence and flap deflectlon e e e e 11 17 21
Effect of wing 1lift on fuselage 1ift . . . . . . . . . 18

Effect of auxiliary thrust nacelles . . . . . . . . . 12 22
Effect of horizontal-tail incidence . . . . . . . . . 13 23



Figure for -

Airframe Wing Tail

Downwash at tail . . . . e e e e e e e e 14
Effect of auxiliary englne thrust e e e e e e e e 15,16 19 24
Lateral aerodynamic characteristics:

Comparison of Phase III and Phase IV . . . . . . . . . 25
Effect of vertical tail . . . . ¢« + « ¢« « ¢ v o o o . 26 37
Effect of horizontal tail . . . e e e 27 38
Effect of wing incidence and flap deflectlon

without the tail . . . e e e 28 33
Effect of wing incidence and flap deflectlon -

with the tail . . . . e e e e e e e e e 29 34 39
Effect of auxiliary thrust nacelles e e e e e e e e 30 4o
Effect of angle of attack . . . . v « . « + « « « . . 31 35 41
Effect of auxiliary engine thrust . . . . . . . . . . 32 36 42

DISCUSSION OF RESULTS
Longitudinal Aerodynamic Characteristics

Comparison of Phase IV and Phase III.- There were several differences in
the external contours of the models used in Phase IV and Phase III. (See the
section "Model and Apparatus".) The results from Phase III suggest that the
data contain some interference effects arising from the model strut support.
Because of the difference in the model external contours and the interference,
five configurations were retested in Phase IV: the fuselage and vertical tail
with (1) the wing; (2) the horizontal tail; (3) the wing and horizontal tail;
(4) the wing and the jets; and (5) the wing, horizontal tail, and jets. The
results for these configurations are presented in figures 4 to 8. The data for
Phase III presented in figure 5(b) are for the 118.5-cm (U46.67-in.) span lower
horizontal tail; the data in figure 6 are for the 127.0-cm (50.0-in.) span lower
horizontal tail. The data presented in figure 8 for Phase III are the average
of the data for the 118.5-cm (46.67-in.) span tail and the 110.71-cm (43.33-in.)
span tail.

In general, the longitudinal data from Phase III and Phase IV for either
but not both the wing and the horizontal tail are in reasonable agreement
(figs. 4, 5, and 7). With the wing on and the horizontal tail removed, the
Phase IV data show a higher 1lift coefficient (by 0.03) and a nose-down pitching-
moment-coefficient increment of 0.02. The model stalls at a higher angle of
attack in Phase IV than in Phase III (fig. 4(a)). These differences may be
caused by some of the changes in the model, by the differences in the auxiliary
engine thrust levels, by the interferences from the model support system, or by
small differences in the positions defined as 0° angle of attack or 0° wing or
tail incidence. The data from figure U4 have been replotted in figure 9 to
obtain the Oswald efficiency factor e. The results from Phase IV correspond to
e @ 0.71; whereas, the results from Phase III for 0° wing incidence correspond to
e @ 0.98 and for 7.5° wing incidence, to e = 0.76. It is not understood what
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caused the small values of induced drag which led to the high value of e for
00 wing incidence in Phase III.

With the wing and tail on, the differences in 1lift and pitching-moment
coefficients are larger than previously noted. (See figs. 6 and 8.) The lift
coefficients are about 0.05 higher and the nose-down pitching-moment coeffi=-
cients are about 0.13 more in Phase IV than in Phase III. As the wing incidence
or flap deflection increases, the difference in 1lift and pitching-moment coeffi-
cients between Phase III and Phase IV increases. (See fig. 8.) For both
phases, the static longitudinal stability Cma decreases near 0° angle of

attack. A limited amount of data was obtained for an increased separation
between the sting and tail. These data indicate that the sting interference on
the tail moderately increases with increasing wing 1lift. Part of the stability
degradation and part of the difference in 1ift and pitching moment may therefore
be attributable to sting aerodynamic interference.

For the tail-on configurations, the difference in 1ift and pitching-moment
coefficients may also be due to a difference in the tail angle of attack. (See
figs. 6 and 8.) This could be caused by a difference in either tail incidence
(that is, error in tail-incidence setting) or downwash at the tail between
Phase III and Phase IV. Also, the differénce in the auxiliary engine thrust
level will affect the pitching moment because the thrust line is above the
moment reference center. If the difference in model drag is used as an indica-
tion of the differences in model thrust, the pitching-moment data will be in

closer agreement.

Airframe loads.- The model was tested with various components mounted on
the fuselage to determine the aerodynamic contribution of each component and the
mutual interference effects between the components. The lift-curve slope and
static longitudinal stability were computed, and the results are presented in
table II. The fuselage was tested with and without the empennage for the wings
off and on, and the results are presented in figure 10. Adding the vertical
tail to the fuselage has a negligible effect on the 1lift-curve slope or the
static longitudinal stability. (See fig. 10(a).) The addition of the compound
tail to the fuselage changed Cma from 0.011/deg to -0.052/deg. The lift-curve

slope based on wing area for the fuselage with the compound tail was 0.020/deg.
The addition of the helicopter tail changed the longitudinal static stability
from 0.0711/deg to -0.020/deg. The helicopter with either the helicopter tail or
the compound tail but without the rotor has static longitudinal stability. The
lift-curve slope based on wing area for the fuselage and the helicopter tail was

0.007/deg.

The addition of the compound horizontal tail to the fuselage with the wing
adds a positive increment in pitching moment at 0° angle of attack. (See
figs. 10(b) and 10(ec).) This nose-up pitching-moment change is caused by the
wing downwash at the tail. The static longitudinal stability is reduced to
-0.0327/deg for 0° wing incidence with the flaps retracted (fig. 10(b)) and to
-0.0248/deg for 7.5° wing incidence with the flaps deflected 30° (fig. 10(c)).
The stability reduction is caused by an increase in de/da and a reduction in
dynamic pressure at the tail.
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The fuselage was tested with five wing/flap settings (combinations of wing
incidence and flap deflection): -99/0°, 0°/0°, T7.59/0°9, 09/30°, and 7.59/30°.
These results are presented in figure 11 for the wing and (1) the fuselage,

(2) the fuselage and compound tail, and (3) the fuselage, auxiliary thrust jets,
and compound tail. The addition of the wing to the fuselage alone increases
the static longitudinal stability, because the wing center of pressure is
slightly aft of the moment reference center. (See fig. 11(a).) The lift-curve
slope CLa’ which is not dependent on wing incidence for the conditions tested,

is about 0.074/deg with the flaps retracted and 0.076/deg with the flaps
deflected. The maximum 1ift coefficient was larger for 0° wing incidence than
for 7.5° wing incidence. This is attributed to increased fuselage lift. The
change in lift coefficient with wing incidence CLiw was evaluated at 00 angle

of attack. The calculated values were 0.065/deg with the flaps retracted and
0.068/deg with the flaps deflected. This value is less than that for the 1lift-
curve slope because the change in fuselage lift is small when only the wing
incidence is changed. These results are in good agreement with those obtained
in reference 3.

] The effect of wing incidence and flap deflection on the configuration with
the compound tail installed is presented in figure 11(b). Increasing the wing
incidence or deflecting the flaps increases the downwash and decreases the
dynamic pressure at the tail. The increased downwash results in an incremental
increase in pitching moment. In general, increasing the wing lift by increasing
the wing incidence or flap deflection decreases the stability. This decrease

in stability is larger with the auxiliary thrust engines installed. (See

figs. 11(e) and 11(d).)

The effect of the auxiliary thrust engine nacelles is shown in figure 12.
The wing incidence was set at 0°, the flaps were retracted, and the compound-
tail incidence was set at 0°. The addition of flow-through nacelles decreased
the static longitudinal stability from -0.0327/deg to -0.0132/deg. The 1lift-
curve slope lncreased slightly from 0.086/deg to 0.090/deg. The effects of the
nacelles with the fans (with Cp j = 0) are similar to those for the flow-
through nacelles.

The effect of horizontal-tail incidence on the longitudinal aerodynamic
characteristics is presented in figure 13. The horizontal-tail effectiveness
Cmit was evaluated from data for a between -5° and 5°. The effect of

horizontal-tail incidence for the helicopter tail is presented in figure 13(a)
The tail lift-curve slope, based on wing area, was 0.0071/deg and Cmit was

-0.0329/deg. The variation of downwash with angle of attack .was computed and
the results, presented in figure 14, indicated a value for de/da of 0.098.
This small value was expected because of the high position of the upper hori-
zontal tail. |

The effect of horizontal-tail inecidence for the compound tail is presented
in figures 13(b) and 13(c). The auxiliary thrust engines were installed and the

9



wing incidence and flap deflection were set at 0°. There were no data for the
horizontal tail off for this configuration, so the tajl-off data were computed
by removing the loads measured on the tail balance from the loads measured on
the main balance. The horizontal-tail effectiveness Cmit was -0.0418/deg at

zero thrust and -0.0474/deg at trim thrust. Before comparing these results
with those of reference 3, a correction should be made for the difference in
tail spans. If a correction factor of 0.9 (the ratio of the tail span used in
the present investigation to that used in ref. 3) is used, Cmit from ref-

erence 3 would be -0.0421/deg at zero thrust and -0.0450/deg at trim thrust.
These results are in good agreement with the present investigation. Since Cmit

becomes more negative with increasing thrust, it follows that the dynamic pres-
sure at the tail increases with thrust.

No data were available for the upper horizontal tail of the compound tail
on and the lower tail off. The contribution of the upper horizontal tail was
estimated by using the contribution of the helicopter tail, corrected for the
difference in area, and the result was added to the tail-off data. These esti-
mated tail-off data were used to compute the downwash at the lower horizontal
tail and the results, presented in figure 14, indicated a value for de/da of
0.65 for zero thrust and 0.90 for trim thrust (Cr j = 0.18).

The effect of auxiliary engine thrust level on the longitudinal aerodynamic
characteristics is presented in figure 15 for wing incidence angles of 0° and
7.5° with the flaps retracted and deflected. The compound tail was set at 0©
incidence. This configuration, which represents the compound helicopter, had
static longitudinal stability for the wing incidence angles tested, In general,
increasing the thrust coefficient increases CLa slightly and decreases Cma

at negative angles of attack. The change in CLa comes from the component of

thrust in the 1lift direction; the change in longitudinal stability comes from
the increase in de/do at the lower horizontal tail with thrust. The effect of
thrust coefficient on the static longitudinal stability of the compound helicop-
ter is summarized in figure 16.

Wing loads.- The wing balance measured the wing forces and moments
directly. To make comparisons between the wing and airframe data easier, the
wing data are nondimensionalized by the same factors as the airframe data, and
the moment data are resolved about the same moment reference center. The effect
of wing incidence on the wing longitudinal aerodynamic characteristics is pre-
sented in figure 17 for the auxiliary thrust nacelles on and off and the tail on
and off. Without the nacelles or tail (fig. 17(a)), deflecting the flaps 30°
for 0° wing incidence at 0° angle of attack produces a 0.50 change in wing 1lift
coefficient and a nose-down increment of 0.37 in wing pitching-moment coeffi-
cient. The change in wing 1ift with angle of attack was 0.061/deg for the flaps
retracted and 0.064/deg for the flaps deflected. The wing provides a stabiliz-
ing contribution to the longitudinal stability because the wing center of pres-
sure is behind the moment reference center. The change in wing 1ift with wing

10



incidence was 0.0545/deg. This is smaller than the value obtained on the air-
frame because of the interference of the fuselage on the wing.

The 1ift on the fuselage was computed by removing the lift measured on the
wing balance (fig. 17(a)) from the total 1lift measured on the airframe balance
(fig. 11(a)). The results for the various wing/flap settings have been cross-
plotted in figure 18 for several values of fuselage angle of attack. The sig-
nificance of these results is that the fuselage experiences an increase in 1lift
induced by an increase in wing 1lift.

With the tail and nacelles on and the jets at Ct j = 0, the results are
slightly different (fig. 17(b)). The lift~curve slope for all wing/flap set-
tings decreased slightly to 0.057/deg, although there was no significant change
in the pitching-moment slopes. Deflecting the flaps 30° produces the same
changes in pitching moment and 1lift as obtained with the nacelles and tail off.

The effect of the auxiliary engine thrust on the wing aerodynamic charac-
teristics is presented in figure 19 .for several wing/flap settings. In general,
the addition of thrust increases the 1ift slightly except near stall, makes the
pitching moment slightly more negative, and reduces the wing drag. The thrust
does not affect the wing contribution to the longitudinal stability. The
effects increase with increasing wing incidence or flap deflection.

Tail loads.- The tail balance measured the empennage forces and moments
directly. As was done for the wing, the tail data are nondimensionalized by the
same factors as the airframe data, and the moments are resolved about the same
moment reference center. The aerodynamic characteristics of the helicopter tail
and the compound tail on the fuselage alone are presented in figure 20. The
tail 1ift and the tail contribution to the static longitudinal stability (dif-
ference between tail-on and tail-off stability) agree with the results from
figure 10(a).

The effect of wing incidence and flap deflection is shown in figure 21.
Adding the wing to the fuselage increases the downwash at the tail and reduces
the tail contribution to stability. (See fig. 21(a).) The tail contribution to
stability increases with angle of attack for 7.5° wing incidence at trim thrust.
(See fig. 21(c).)

As shown in figure 22, the addition of the auxiliary thrust engine nacelles
reduces the stability contribution of the tail from -0.039/deg to -0.030/deg.
This stability reduction is about one-half of the reduction due to nacelles in
the airframe pitching moment. (See fig. 12.) The other half arises from the
nacelles and pylons acting as lifting surfaces in front of the center of grav-
ity. As was the case for the airframe pitching moments, the difference between
the effect of the flow-through nacelles and the nacelles with the fans at zero
thrust (CT,J = 0) is small.

The effect of horizontal-tail incidence is presented in figure 23. The

horizontal-tail effectiveness and the tail contribution to stability are consis-
tent with the results of figure 13.
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The effect of increasing the auxiliary engine thrust level is presented in
figure 24. The results show the same trends, but they do not show the stabil-
ity reduction at small angles of attack that was found for the complete configu-~
ration (fig. 15). The tail provides more stability at angles of attack near
stall as thrust is increased; this is especially notable in figure 24(d) for the

7.59/30° wing/flap setting.

Lateral Aerodynamic Characteristics

Comparison of Phase IV and Phase III.- As was previously described, there
were several differences in the external contours of the models used in Phase IV
and Phase III. The only lateral aerodynamic data obtained in Phase IIT were for
the compound helicopter with the 127.0-cm (50-in.) span lower horizontal tail.
These results are presented with the results for the 114.3-cm (U45-in.) span hor-
izontal tail from Phase IV in figure 25. The decreased tail span of Phase IV
had little or no effect on static directional stability (positive CnB) but

decreased the aircraft positive effective dihedral (negative ClB) slightly, as

would be expected. Slight differences in trim conditions which are evident in
this figure may be attributed to discrepancies in rudder deflections, incidence
of the two wing panels, or small imbalances in engine thrust.

Airframe loads.- Various components of the model were tested on the fuse-
lage to determine the aerodynamic contribution of each. The effective dihedral
and directional stability were evaluated between -5 and 5C of sideslip and are
summarized in table II.

The effect of adding the vertical tail to the fuselage is presented in fig-
ure 26. As can be seen in this figure, the vertical tail contributes positive
effective dihedral and static directional stability. The end-plate effect of
the helicopter tail Hy and the compound tail Hg (fig. 27) increased the
static directional stability. However, the location of the helicopter upper
horizontal tail above the reference center of the model provided a positive
increment to effective dihedral, whereas the lower horizontal tail of the com-
pound tail decreased the effective dihedral.

The effect of wing incidence and flap deflection on the lateral aerodynamic
characteristics of the model without the empennage is presented in figure 28.
As was discussed in reference 3, the 7° geometric dihedral was counteracted by
the position of the wing on the bottom of the fuselage. The effective dihedral
becomes more positive as the wing incidence changes from ~9° to 7.5°9. Addition
of the compound tail to the wing-body configuration produced positive effective
dihedral and static directional stability (fig. 29).

The results of adding the auxiliary thrust engine nacelles to the wing-
body-empennage configuration are presented in figure 30. The addition of
the nacelles produced no significant differences in the lateral aerodynamic
characteristics.
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Angle-of-attack effects on the lateral aerodynamic characteristics are pre-
sented in figure 31. Generally, directional stability decreased with increasing
angle of attack for the configurations given in this figure. However, positive
effective dihedral decreased with increasing angle of attack when the engine
nacelles and pylon fairings were off and increased when they were installed.

The effect of auxiliary engine thrust is presented in figure 32 for several
wing/flap settings and angles of attack. Increasing the engine thrust reduced
the positive effective dihedral and the static directional stability.

Wing loads.- Lateral aerodynamic characteristics of the wing are presented
in figures 33 to 36. These figures represent wing loads for various total con-
figurations of the model. From these figures, wing contributions to stability
may be determined directly.

The effect of wing incidence and flap deflection on the wing lateral aero-
dynamic characteristics is presented in figure 33. The wing is providing a
destabilizing increment to the effective dihedral in spite of the 7° geometric
dihedral. This is due to the interference effect from the low wing placement on
a relatively deep fuselage. Increasing the wing incidence increases the effec-
tive dihedral, as expected. The wing does provide a positive inerement to the
static directional stability.

The lateral aerodynamic characteristics of the wing on the compound heli-
copter without the rotors are presented in figure 34. A comparison of this fig-
ure with figure 33 illustrates the effect of the empennage and engine nacelles
on the wing. For the two cases which are directly comparable, little or no
effect on static directional stability is evident with the jets at Cr, g = 0.
The nonzero values of rolling moment at B = 0° can be attributed to model
asymmetries.

The effect of angle of attack on the lateral aerodynamic characteristics of
the wing with the model in various configurations is presented in figure 35.
Increasing the angle of attack of the model had a favorable effect on the wing
contribution to both the effective dihedral and the static directional stability
for the configurations tested. This effect is consistent with that in figure 33
for comparable values of wing incidence.

Auxiliary-thrust-induced effects on the wing lateral aerodynamic character-
isties are presented in figure 36. Increasing the thrust level further degrades
the effective dihedral of the wing.

Tail loads.- The effect of the vertical tail on the tail lateral aerody-
namic characteristics is presented in figure 37. The data for the configuration
with the vertical tail off (F41) include loads on the ventral fin and the aft
section of the tail cone. As would be expected, the addition of the vertical
tail provides positive static directional stability and effective dihedral.
Addition of the two horizontal-tail configurations (see fig. 38) had only a
slight effect on directional stability. However, the positive effective dihe-
dral was decreased by addition of the compound horizontal tail and increased by
addition of the helicopter tail.
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Wing interference on the model empennage is shown in figure 39. As can be
seen in this figure, the wing downwash on the tail-has a favorable effect on
both effective dihedral and static directional stability by inducing a cleaner
flow over the vertical-tail surface.

The auxiliary thrust engine nacelles and pylon fairings have insignificant
effects on the empennage static directional stability (fig. 40).

The effect of angle of attack on the tail lateral aerodynamic characteris-
tics is presented in figure 41. For the configurations which were tested,
increasing the angle of attack decreased the tail contribution to the effective
dihedral and directional stability as the empennage became immersed in the wake
of the rotor pylon and fuselage.

Figure 42 presents the effect of the auxiliary engine efflux on the empen-
nage. In general, increasing the thrust coefficient decreases the tail contri-
bution to both the effective dihedral and the directional stability. This
effect becomes significant at the higher wing/flap setting (iy = 7.5°9; &p = 00)
because of the interaction of the jet efflux and wing downwash.

SUMMARY OF RESULTS

A wind-tunnel investigation was conducted to determine the airframe, wing,
and tail aerodynamic characteristics of a 1/6-scale model of the RSRA with the
rotors removed. The results of this investigation may be summarized as follows:

1. The helicopter and the compound helicopter had static longitudinal
stability.

2. The direct effect of the wing was to provide a stabilizing increment and
of the auxiliary thrust engine nacelles to provide a destabilizing increment to
the static longitudinal stability.

3. The induced effect of the wing and of the engine nacelles reduced the
tail contribution to the static longitudinal stability.

L. Both the helicopter and the compound helicopter showed positive effec-
tive dihedral and static directional stability.

5. In general, the induced effects of the wing downwash and the engine
efflux reduced the positive effective dihedral and the static directional

stability.

6. The wing provided a destabilizing increment to the effective dihedral,
despite the positive geometric dihedral of the wing itself, and a positive
increment to the static directional stability.

7. The direct effect of the vertical tail was to provide positive effective
dihedral and static directional stability.

14



8. The results from the present investigation and those of NASA TN D-8198
are in reasonable agreement when the tail is off but differ when the tail is on.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

April 7, 1977
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TABLE I.- MODEL DATA

Fuselage:

Length, m (ft) . .
Frontal area, m2 (ftz)

Wing:

Airfoil section
Area, m2 (ft2)
Span, m (in.)
Mean aerodynamic chord m (1n )
Aspect ratio . .
Taper ratio .
Sweep of 25-percent- chord 11ne, deg
Dihedral, deg
Flaps (each)
Area, m2 (ft2) .
Span, percent of wing semlspan .
Chord, percent of local.wing chord
Aileron:
Area, m2 (ft2) .
Span, percent of wing semlspan .

Chord, percent of local wing chord .

Vertical stabilizer:

Airfoil section

Area, m2 (ft2)

Span, m (ft)

Aspect ratio . . .

Root chord, m (ft) . e .
Rudder, percent of local chord .

Helicopter tail:

Airfoil section
Area, m? (ft?)
Span, m (ft)
Aspect ratio . . .
Root chord, m (ft)
Taper ratio

Compound tail:

Airfoil section
Area, m2 (ft2)
Span, m (ft)
Aspect ratio . .
Root chord, m (ft)
Taper ratio

Lower horizontal tail:

Airfoil section
Area, m2 (ft2)
Span, cm (in.)
Aspect ratio .
Root chord, m (ft)
Taper ratio

Ratio of elevator chord to tall chord

. 3.057 (10.03)
. 0.172 (1.85)

NACA 635415

: 0.954 (10.27)

2.29  (90.0)

: 0.423 (16.67)

. 5.52
. 0.66
3.0
7.0

. 0.074 (0.80)

. 49.0
. 33.0

. 0.047 (0.50)

. 34.0
. 34.0

NACA 0015

S 0.294 (3.164)
. 0.813  (2.67)

. 2.25

L0476 (1.56)

. 37.0

NACA 0015

. 0.091  (0.98)
. 0.67H (2.21)

. 5.15

. 0.183 (0.599)

0.487

NACA 0015

. 0.046  (0.48)

O.44  (1.43)
. b.29

L 0.128  (0.42)

. 0.60

NACA 0015

: 6.é28 (2.45)

114.3  (45.0)
. 5.75

L 0.198  (0.65)

« « .+ . . 1.00
« « . . . 0.3



N g

Ll

TABLE II.- STABILITY DERIVATIVES FOR VARIQUS CONFIGURATIONS WITH THE ROTOR REMOVED

|

| ! CLy ‘ Cmg, ! C‘B Cnﬁ
Configuration ' (a) (a) 1 (b) (b)
1 . T i ; T T 5 ! !
. Airframe ' Wing Tail Airframe Wing { Tail ' Airframe Wing Tail i Airframe Wing Tail
Fiq 0.001 Y 0.0110 I 0.0008 . 0.0001 ' -0.0022 . 0.0006
F4qV .001 0. .0110 0008 -.0007 | .0006 .0015 0042
F1VHy .007 005 -.0200 -.0298  -.0010 ‘ -.0008 .0018 004y
FqVHe .020 016 -.0520 -.0617 i -.0006 -.0005 .0022 oou8
‘ FiWy 074 0.061  —--e- .0090 : -0.0163 —====- . .0006 0.0007 ~eea-- -.0023 0.0002 —eeee-
FqWo N 061 —meen 0077 —.0155  —mmeee L0003 ' mmeeem emeeee =.0025  ceeme mmeeee
FqWy 074 061 —eeee L0060  -.0152  e---e- L0010 mmemem emeeee -.0015 ccceen cmemee
FqWs . .076 0B —emme .0094 - -
Fi¥Wg 076 | e e 0112 e | meman 20001 | —mmmmm | mmmeen -.0037 | ememme | memeee
FiWoVHe 01T T I— Q10 -.0327 ~.0389 -.0004 | —eemee -.0009 L0028 | —eeeee 0063
FqWgVHC .086 | —--o- .010 | -.0248 -.0414 | -.0010 0002 | -.0011 0041 0005 | .0070
F1WqVHcJ L0900 | -e-—- .008 { -.0132 -.0305 -.0001 0008 ~-.0008 .0026 0003 0050
3Evaluated between o = -5° and 5°.
PEvaluated between g = -5° and 5° at ¢ = 0°.
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Front view

(a) Airframe.

Figure 1.- Sign convention for moments, forces, and angles.

directions are indicated by arrows.

Positive



w

Front view

M X,w
(b) Wing (hatched area).

Figure 1.- Continued.
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Front view

(c) Tail (hatched area).

Figure 1.- Continued.
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Figure 1.~ Concluded.
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Helicopter tail

Upper horizontal

Upper horizontal

Compound tail

I
. ! Lower horizontal F.S.
I 345.01
’ ! (135.83)
v !
L B
|
1
1
F.S. '
231.78
(9125) W.L
‘ - 152.50
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261.96
(103.13)
[Senl——

(b) Helicopter tail Hy and compound tail Hg.

Figure 2.~ Continued.
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Figure 2.- Concluded.



Figure 3.~ Model in Langley V/STOL tunnel.
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Figure U4.- Comparison of longitudinal aerodynamics from Phase IV and Phase III

for fuselage, vertical tail, and wing (FqWyV).
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Figure U4.- Concluded.

27



SIEL RN 12 ST Tl S . O Phase IW
. . i;\n- S - OO0 Phase I

) B |
-6t
12 L
10+
__._r ,,,,,, ' L .

,,,,,

-5 -0 -5 0 5 9] 5 20 B R R . 4 5
a,deg D

(a) Helicopter tail (FiVHy). (Phase III data for shortened vertical tail.)

Figure 5.- Comparison of longitudinal aerodynamics from Phase IV and Phase III
for fuselage, vertical tail, and horizontal tail.

28



TR TR L AR T 1l
e
—————- PH
b o o @ -
=== &%
— = - £ £
S=a - e N S
O

1
20

!
!
1
I15

10

a ,deg

~i5

29

(Phase III data for 118.5-cm (46.67-in.)

span horizontal tail.)
Figure 5.- Concluded.

(b) Compound tail (FoVHg).
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vertical tail, and compound horizontal tail (F1W1VHC).
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Figure 39.- Effect of wing incidence and flap deflection on tail lateral
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